Abstract Superoxide dismutase (SOD) and catalase are considered the most important antioxidant enzymes which protect fungus from the oxidant damage of reactive oxygen species. In this study, we collected 44 strains of Trichosporon asahii (T. asahii) from different sources and investigated their SOD and catalase activities. The results showed that the SOD and catalase activities of Clinical group were significantly higher than those of Environment group (p \ 0.01). The SOD and catalase activities of T. asahii in Internal passage group went up gradually after passage in mice, and were significantly higher in 5th generation of Internal passage group (p \ 0.05). The SOD and catalase activities of Fluconazole-resistant group strains also increased after resistant induction, and the SOD and catalase activities were significantly higher in the 10th generation of Fluconazole-resistant group (p \ 0.05). This implied that T. asahii has stronger antioxidant ability. The strains of T. asahii from different sources have different antioxidant abilities, which mainly manifest in the difference of antioxidant enzymatic activities. Clinical group strains have the strongest antioxidant capacity; Internal passage group strains and Fluconazole resistant group strains better; Environmental group strains the lowest. These results also suggested that the antioxidant defensive response of T. asahii might be relevant to its infection mechanism and drug resistance mechanism.
Introduction
Reactive oxygen species (ROS) mainly include hydrogen peroxide (H 2 O 2 ), hydroxyl radical ( Á OH), superoxide anion (O 2 Á-) and so on [1] . Given that they could react with nucleic acids, lipid and proteins, ROS were recognized that they may nearly destroy many cell functions of organisms [1] . Many studies (including bacterium and fungus) have demonstrated that ROS could be produced by phagocytes [1] and antifungal drugs [2] during their killing process. For organisms, they have taken shape a series of ways to escape or repair these oxidant damage to survive from the deleterious ROS [1] . Among them, the antioxidant enzymes [particularly catalase, superoxide dismutase (SOD), peroxidase, glutathione systems] were well studied and related to the virulence or pathogenicity of fungus directly or indirectly [3] [4] [5] [6] [7] [8] [9] . Previous studies have shown that SOD and catalase were the most important antioxidant enzymes that work to diminish the oxidant damage of ROS [3] [4] [5] [6] [7] [8] [9] . The two antioxidant enzymes have been proved extensively in the studies of common fungus including Candida albicans (C. albicans), Aspergillus fumigatus (A. fumigatus), Cryptococcus neoformans (C. neoformans). Hwang et al. [3] and Martchenko et al. [4] proved that SOD1 and SOD5 were necessary for the virulence of C. albicans when infecting mice, respectively. The catalase of C. albicans may also enhance its pathogenicity to human neutrophils [5] . Similar to C. albicans, the SOD of A. fumigatus may have some role as a virulence factor when defending against neutrophil and phagocyte [6] , whereas its mycelial catalase could only protect this fungus from the host for a while [7] .
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In C. neoformans, its Cu, ZnSOD helped to protect fungal cells from macrophages, but was not a virulence factor as well as its catalase [8, 9] . In recent years, the incidence of disseminated trichosporonosis caused by Trichosporon asahii increases obviously, accounting for 5-10 % of deep infection of fungus in patients [10] . Moreover, T. asahii is becoming more and more resistant to antifungal drugs [10] . Once T. asahii caused disseminated or systemic infection in the body, its mortality could be more than 80 % [11] , which making the therapy become more harder. Therefore, it will be of great significance to explore the infection mechanism and pathogenic mechanism of T. asahii from the perspective of antioxidant defense response. In our previous studies, Zong et al. [12] found that three different oxidants (diamide, H 2 O 2 and menadione) induced different levels of oxidative damage to T. asahii. Among them, the killing effect of menadione was the strongest, diamide better, H 2 O 2 the least [12] . In addition, the higher its concentration was, the stronger its killing effect would be [12] . Therefore, we hypothesize that T. asahii also has basic antioxidant defense system. Since T. asahii could invade the host and cause serious infections [10] , we infer that there may be a connection between its pathogenicity and their capacity to resist or evade the attack of host immune system. To test this hypothesis, we collected 44 T.asahii strains from different sources, and investigated their SOD and catalase activities, then compared and analyzed the results. This will contribute to further study of antioxidant mechanism and infection mechanism of T. asahii.
Materials and Methods

Strains and Sources
There were 44 strains of T. asahii collected and they were divided into four groups according to their sources. Environmental group: including 3 strains, CBS8904, CBS7137, CBS8520 (CBS-KNAW, The Netherlands). Clinical group: including 9 strains, CBS2479; BZP07001, BZP07002, BZP07003, BZP07004, BZP09001, BZP09002, BZP07005, BZP07005 R (General Hospital of Beijing Military Area Command, PLA). Internal passage groups: including 20 strains CBS2479, CBS8904, CBS7137, CBS8520 and their five generations (CBS2479P1-5, CBS8904P1-5, CBS7137P1-5, CBS8520P1-5). Fluconazole-resistant groups: including 12 strains CBS247, CBS8904 and their selected generations (CBS2479 F6, F9, F10, R7, R8, R9; CBS8904F6, F9, F10, R7, R8, R9). The strains above were confirmed to be AS2.2174 (API 20cAUX bioassay and ITS sequence analysis). The Candida parapsilosis ATCC22019 (Peking University First Hospital, China) was used as a control strain.
Induction of Internal Passage Strains
Strains CBS2479, CBS8904, CBS7137, CBS8520 were selected to passage in mice and extended from 1 to 5 generations in turn [13] . Then isolated from kidney tissue and cultured on potato dextrose agar (PDA, Merck KGaA, Germany).
Induction of Fluconazole-Resistant Strains
The strains CBS2479, CBS8904 were cultured on PDA that contained fluconazole with stepwise increasing concentrations to induce highly resistant strains. The resistant strains CBS2479 R , CBS8904 R [14] were then cultured on fluconazole-free PDA and passaged in turn to obtain the reply strains. We selected the mid and late stage of the induction strains.
Fungal Cells and Enzyme Extracts Preparation
The preparation was employed based on the assay of Linares et al. [15] . The strains were cultured on PDA for 48 h at 35°C. 1 ml volume of each cell suspension (contained about 1.5 9 10 8 cfu/ml T. asahii and 0.9 % sterile saline) was transferred to 50 ml Sabouraud Glucose Broth (SDB), and incubated (37°C, 150 r/min, 48 h). After centrifugation, the cells were washed by sterile water for 3 times, then the cell mat was prepared. They were resuspended by potassium phosphate buffer (PH 7.0, 50 mmol/l), and added 0.5 g glass beads (Sigma, USA). Before the centrifugation, the suspensions above were shaking strongly for 6 times, then the supernatant was collected for the enzymatic assays [15] .
Enzymatic Assays
Total SOD activity assay kit, catalase activity assay kit and total protein quantitative assay kit (Biological engineering of Nanjing Jian Cheng, China) were employed to determine SOD and catalase activities following the instructions provided by the manufacture. Repeated three times. Statistics SPSS 13.0 statistical software was employed for calculations.
Results
In this study, the SOD activity of the C. parapsilosis ATCC22019 was 41.289 U/mg protein (U/mg), its catalase activity was 4.208 U/mg. Table 1 showed SOD activity of Environmental group of T. asahii CBS8904, CBS7137, CBS8520 were 3.828, 3.46, 4.75 U/mg, the average was 4.01 ± 0.66 U/mg; their catalase activity were 45.833, 42.61, 57.082 U/mg, and the average was 48.51 ± 7.60 U/ mg. The SOD activity of Clinical group strains ranged from 6.221 to 16.826 U/mg, the mean value was 10.45 ± 3.87 U/mg, the catalase activity ranged from 61.956 to 164.552 U/mg, the average was 110.56 ± 35.77 U/mg.
In Table 2 , the two antioxidant enzymatic activities of strains CBS2479, CBS8904, CBS7137, CBS8520 gradually increased after continuous passage in mice for 5 generations. Compared with each parental strain, the SOD activity of descendants of the strain CBS2479 was 0.98-, 1.16-, 1.63-, 1.70-, 2.35-fold higher, and its catalase activity was 1.18-, 1.24-, 1.25-, 1.23-, 1.44-times greater. Until the 5th generation, the SOD activity of other 3 environmental strains CBS8904, CBS7137, CBS8520 were 2.05-, 1.45-, 1.5-fold greater than their parental strain, while their catalase activities were 1.34-, 1.55-, 1.21-times higher.
In Table 3 , the antioxidant enzymatic activity of T. asahii CBS2479, CBS8904 went up with the increasing of generation induced by Fluconazole. Contrast to each parental strain, the SOD activity of CBS2479 that induced the 6th, 9th, 10th generations were 1.40-, 1.44-, 1.47-fold superior than before, their CAT activity were also 1.32-, 1.36-, 1.40-fold higher. However, the SOD activities of strains CBS2479 and CBS8904 gradually returned to normal levels in the late stage of reply induction as well as catalase.
Discussion
In this study, we observed that both of enzymatic activities (SOD and catalase) in Clinical group of T. asahii were significantly higher (p \ 0.01) than those of Environment group (Table 1 ; Fig. 1a, b) . The mean SOD activity of the clinical group strains was 10.45 ± 3.87 U/mg, and its mean catalase activity was 110.56 ± 35.77 U/mg. The average SOD activity of Environmental group was 4.01 ± 0.66 U/mg, and its average catalase activity was 48.51 ± 7.60 U/mg. In contrast to Environment group, the SOD activity of Clinical group was about 2.6 times higher, while its catalase activity was about 2.3 times greater. Besides, the antioxidant enzymatic activities of these isolated strains from different clinical sources also manifested certain differences. Given that different strains had different antioxidant capacity, mainly reflected in the activities of antioxidant enzymes, we suggested that the T. asahii clinical group stains may have higher antioxidant capacity than the environment group strains. According to previous studies, we also obtained that the mean SOD activity of Clinical group strains of T. asahii (10.45 ± 3.87 U/mg) was equivalent to that of Cryptococcus (12 ± 0.5 U/mg) [16] , and below that of Candida dubliniensis (27.87 ± 20.82 U/mg) [15] , significantly lower than that of C. albicans (151.8 ± 73.27 U/mg) [15] . The mean catalase activity of T. asahi Clinical group strains (48.51 ± 7.60 U/ mg) was significantly higher than that of A. fumigatus (1.75 ± 0.75 U/mg), Aspergillus terreus (3.5 ± 0.8 U/mg) [17] . Hence, we hypothesized that the antioxidant ability of T. asahii clinical group strains may be close to Cryptococcus, but lower than that of Candida, significantly higher than that of Aspergillus.
These data also demonstrated that the two enzymatic activities in the Internal passage group of strains (CBS2479, CBS8904, CBS7137, CBS8520 and their generations) were obviously promoted (p \ 0.05) after passage ( Table 2 , Fig. 1c, d ). Prior to passage, the mean SOD activity of strains was 4.56 ± 1.23 U/mg, the mean catalase activity was 51.87 ± 9.15 U/mg. To extend the 5th generation, the SOD activity increased to 8.65 ± 4.15 U/mg, and the catalase activity risen to 71.36 ± 12.19 U/mg, increasing 90 and 34 %. In addition, the mean catalase activity of the Internal passage group was higher than that of the Environment group (p \ 0.05). These data suggested that once T. asahii invaded the host, its antioxidant defensive mechanism may be stimulated or induced through the interaction with the host immune systems, finally achieved that the antioxidant enzyme activities raised to different extent together with increase of its oxidation resistance [1] . Many studies have demonstrated that SOD and catalase played an important protective role in clearing up or cutting off the production of ROS from macrophages or neutrophils [3] [4] [5] [6] [7] [8] [9] . In A. fumigatus, Diamond and Clark [18] found that the catalase could protect hyphae from myeloperoxidase system of neutrophils. So, we speculated that the antioxidant enzymes of T. asahii played a certain role in protecting strains from oxidative damage of host immune systems, even may contribute to rescuing from the attack of host immune systems, further leading to the formation of infection as well.
At the same time, we proved that the two enzyme activities of CBS2479 and CBS8904 went up with the increasing of generation induced by Fluconazole (Table 3 ; Fig. 1e, f) . Before drug-treatment, the mean SOD activity was 5.02 ± 1.69 U/mg, and the mean catalase activity was 53.89 ± 11.40 U/mg. Until the 10th generation of Fluconazole-resistant induction, its SOD activity added to 8.02 ± 1.56 U/mg, and the catalase activity risen to 80.43 ± 8.92 U/mg, which increasing by 60, 49 % (p \ 0.05). Furthermore, the two enzymatic activities of the 10th generation strains in Fluconazole-resistant group were higher than those of Environmental group (p \ 0.05). For reply induction strains, their antioxidant enzymatic activities gradually returned to normal levels. At the 9th generation of reply induction, the mean SOD activity of strains was 3.53 ± 0.84 U/mg, the mean catalase activity was 47.15 ± 25.88 U/mg. These results implied that fluconazole may simulate or induce the expression of antioxidant enzymatic activity of T. asahii, leaving the antioxidant capacity of these strains further promoted [15] . Because that the activities of SOD and catalase in T. asahii could go down to normal level without fluconazole exposure, we suggested that the induction of antioxidant enzymatic activity may be regulatory [1] . There were other antifungal agents that also could induce antioxidant stress response except fluconazole and amphotericin B [15] . Hoehamer et al. [2] confirmed that the expression of the proteins involved in antioxidant mechanism elevated after the exposure of the azole (ketoconazole) and echinocandin The data are the mean of triplicate experiments. U: unit of SOD or catalase. The SOD and catalase activities of Fluconazole-resistant group strains increased after resistant induction, and were significantly higher in the 10th generation of Fluconazole-resistant group (p \ 0.05). The antioxidant enzymatic activity of strains after reply induction gradually returned to normal levels (caspofungin). Blum et al. [17] pointed out that Aspergillus terreus who had inherent resistance to amphotericin B was closely related with its higher catalase activity and had no obvious correlation to its cell wall components and lipid peroxidation level when compared with the A. fumigatus. Consequently, we inferred that fluconazole might also cause a certain degree of oxidative damage to T. asahii during the killing process. Meanwhile, the induced antioxidant enzymes of T. asahii may be one of fluconazole-resistance mechanism, which required to further research. Moreover, our results also suggested that there was some relationship between the two enzymes SOD and catalase in T. asahii after internal passage and fluconazole resistance induction that they had the same variation tendency, which is in accordance with Linares et al. [15] .
In conclusion, this investigation proved that T. asahii has stronger antioxidant defensive mechanism as well as most of other fungus [3] [4] [5] [6] [7] [8] [9] . The antioxidant capacity of T. asahii differed according to their sources, mainly reflected in the activities of antioxidant enzymes. Among them, Clinical group strains have the strongest antioxidant capacity; Internal passage group strains and Fluconazole-resistant group strains better; Environmental group strains the lowest. Furthermore, the antioxidant enzymes (SOD and catalase) in T. asahii could be activated or induced by the exposure of host defensive system and fluconazole. The antioxidant defensive response of T. asahii might be relevant to its infection mechanism and drug-resistance mechanism. However, this aspect still needed to further explore. The SOD and catalase activities of Internal passage group strains went up gradually after passage in mice, and were significantly higher in 5th generation of Internal passage group (p \ 0.05). e, f The SOD and catalase activities of Fluconazole-resistant group strains increased after resistant induction, and were significantly higher in the 10th generation of Fluconazoleresistant group (p \ 0.05). The antioxidant enzymatic activities of strains after reply induction gradually returned to normal levels
